Flavones represent a class of polyphenols that are found in many plant-derived food sources. Herein, we provide evidence that the anti-inflammatory and antiproliferative effect of the flavone apigenin relies on the regulation of the gut microbiota by the NOD-like receptor family pyrin domain containing 6 (Nlrp6). When challenged by dextran sulfate sodium (DSS) in drinking water, mice were protected against colitis upon cohousing with apigenin-treated animals. In contrast, the protective effect was lost in the absence of Nlrp6. Sequencing of the 16S ribosomal RNA gene revealed a shift in the composition of the gut microbiota in apigenin-treated mice that was not observed in the absence of Nlrp6. Equally important, we find that the antiproliferative effect of apigenin was dominantly transmitted after cohousing, while being compromised in Nlrp6-deficient mice. In contrast, the symptoms of colitis were alleviated upon apigenin administration even in the absence of either caspase-1/11 or Asc. Collectively, these data indicate that apigenin modulated an inflammasome-independent mechanism by which Nlrp6 reprograms the gut microbiota for protecting mice against colitis. Our study highlights a modulation of the Nlrp6 signaling pathway by a prominent constituent of the human diet that may point toward improved ways to treat inflammatory bowel diseases.
INTRODUCTION
The gut is inhabited by the microbiota that consists of highly diverse bacterial microorganisms with widely differing living requirements. Notably, the genome of the trillions of bacteria residing within the lumen of the intestine encompasses several biosynthetic pathways that are primarily influenced by drug intake, hygiene, and nutrition. One can consider the microbiota as our 'extended self,' inasmuch as this multicellular organ consumes, stores, and redistributes energy harvested from nutrients since the earliest days of life onwards. 1 Throughout the host's entire life, this paradigm is also well exemplified by the beneficial impact of some bacteria on postnatal maturation of the immune system. With this reductionist organ centered view in mind, symbiosis is defined as an association between organisms of two different species in which each is benefited.
Conversely, instability in the composition of gut microbial communities (commonly referred to as dysbiosis) has been linked to alterations in the metabolic activity of the gut microbiota in several common human illnesses with increasing socioeconomic impacts. In particular, inflammatory bowel disease is associated with a lower abundance of several Firmicutes, 2, 3 including some Lactobacilli that are capable of metabolizing tryptophan into aryl hydrocarbon receptor ligands. 4 However, it remains elusive how to effectively restore the symbiotic host-microbiota interactions in patients suffering from such chronic inflammatory disorder.
Herbal-based supplements are used for many years as nutraceuticals for the treatment of various symptoms related to inflammatory bowel disease such as pain and diarrhea. Among nutraceuticals, dietary flavonoids are the largest class of polyphenols that have been known as pigments for over a century (named from the latin word flavus meaning yellow). Besides their role in plant pigmentation and flavor, their common structure is a skeleton of diphenylpropane that confers a diversity of biochemical functions on plant physiology, including seed maturation, dormancy, and protection from oxidative stress, ultraviolet radiation, phytopathogens, and herbivores. Meanwhile, a plethora of epidemiological studies indicated that diets rich in some subclasses of dietary flavonoids are largely responsible for overall metabolic and cardiovascular health of humans. [5] [6] [7] [8] Notably, risk of developing colorectal cancer is lowered among individuals who regularly drink green tea, while being enhanced as a consequence of a lowered intake of flavonoids. 9 Similarly, a lower risk of prostate cancer in men and of breast cancers in postmenopausal women was associated with intake of apigenin (4 0 ,5,7-trihydroxyflavone). Apigenin is a widely distributed secondary metabolite throughout the plant kingdom with a 2-phenylchromen-4-one (2-phenyl-1-benzopyran-4-one) backbone, representing an aglycone of several naturally occurring plant glycosides. The pharmacological properties of apigenin also include oxidative effects on human colorectal cancer cells that may result in senescence and wound healing. 10 Furthermore, supplementation of the diet with the flavone apigenin contributes to the maintenance of gut barrier function in several preclinical models of either acute or chronic colitis. [11] [12] [13] [14] Nevertheless, it remains poorly understood how the apigenin exerts its antiinflammatory effect apart from its direct radical scavenging properties. Herein, we provide evidence that it could modulate the composition of the gut microbiota through the NOD-like receptor family pyrin domain containing 6 (Nlrp6) protein for protecting mice from acute colitis.
RESULTS

Apigenin protects mice from acute colitis
The physicochemical properties relevant to human health of the ingested apigenin are primarily determined by its metabolism and bioavailability. To overcome this issue, we assessed the potential effect of intraperitoneal administration of apigenin on the resolution of acute colitis. To this end, we made use of a preclinical model of intestinal inflammation that is induced by administration in the drinking water of dextran sodium sulfate (DSS) for 7 days in mice. This sulfated polysaccharide is known to promote epithelial tissue disruption that leads to microbial translocation and increased secretion of key signals of the acute phase response by infiltrating inflammatory cells. As expected, B15% decrease of the initial body weight was observed in wild-type mice at 9 days after DSS administration ( Figure 1a) . In contrast, apigenin administration improved body weight loss ( Figure 1a) and effectively alleviated the shortening of colon length in response to DSS (Figure 1b) . Foremost, the level of the proinflammatory cytokine interleukin-1b was lowered upon systemic administration of apigenin (Figure 1c) , as what was observed when adult wild-type mice were fed with an apigenin-enriched diet. 12 Consequently, histological examination of the hematoxylin and eosin-stained sections of the colon revealed a markedly reduced severity of colitis in apigenintreated mice (sh-WT apigenin ) when compared with controls ( Figure 1d) , as illustrated by erosion of the colonic crypts and massive infiltration of inflammatory cells (Figure 1e) . Collectively, preventive administration of apigenin was found to improve acute signs of colitis in the wild-type setting as what was observed with other flavones. 15 Co-housing experiments revealed that the antiinflammatory effect of apigenin is communicable to adult wild-type mice
To assess whether the gut microbiota may contribute to the protective effect of apigenin against colitis, nontreated and apigenin-treated mice were cohoused for 3 weeks before DSS challenge (ch-WT untreated and ch-WT apigenin respectively). Unexpectedly, the body weight loss of either ch-WT untreated or ch-WT apigenin mice was reduced to a similar extent (Figure 2a) . Consequently, shortening of the colon was improved among cohoused mice (Figure 2b) as what was observed in sh-WT apigenin mice (Figure 1) , while simultaneously mitigating histological scores (Figure 2c,d) . Collectively, cohousing experiment revealed that the protective effect of apigenin against colitis was communicable, suggesting that systemic administration of apigenin may protect the mucosa from overwhelming inflammation by regulating the composition of the gut microbiota. Apigenin treatment affects the composition of the gut microbiota through an intact Nlrp6 signaling pathway By 16S rRNA gene sequencing and subsequent analyses, we next addressed whether the anti-inflammatory role of apigenin was associated with alterations in the gut bacterial composition. Statistical analysis of similarity on Jaccard distances revealed that the gut microbiota composition of sh-WT apigenin mice was markedly different from the one of controls (R 2 ¼ 0.33, P ¼ 0.015; Figure 3a) . Employing linear discriminant analysis effect size determination revealed an expansion of several bacterial taxa derived from Bacteroidetes group, including Rikenellaceae, Bacteroidales, and Bacteroides, in apigenin-treated mice. Furthermore, apigenin treatment in wild-type mice led to a reduction of several bacterial operational taxonomic units derived from Clostridium and Lachnospiraceae (Figure 3b ). In accordance with previous findings, the bacterial communities among cohoused mice were found similar as determined by principal coordinates analysis and analysis of similarity (P ¼ 0.1515). This result suggests that the apigenin-induced changes in the gut microbiota harbor dominance upon cohousing as a likely consequence of coprophagy (Supplementary Figure S1 online) . In addition, a trend of higher bacterial diversity and richness was observed in the feces collected from mice treated with apigenin in comparison with untreated animals (Supplementary Figure  S2) . To obtain further insights into how apigenin affects the composition of the gut microbiota, we performed additional 16S rRNA gene sequencing analysis of feces from mice that are deficient for Nlrp6 acting as a regulator of gut bacterial ecology (Supplementary Figure S3a) . In line with previous findings, [16] [17] [18] large-scale changes in the gut microbiota composition gave rise to a reduced bacterial diversity in the absence of Nlrp6 (P ¼ 0.001; Supplementary Figure S3b) . In contrast to what was observed in wild-type mice, we failed to notice major global changes in the composition of the gut microbiota from Nlrp6-deficient mice upon apigenin treatment (analysis of similarity, P ¼ 0.283; Figure 3a) . Collectively, the impact of apigenin on the composition of the gut microbiota was dependent on an intact Nlrp6 signaling pathway.
The transmissible anti-inflammatory effect of apigenin relies on an intact Nlrp6 signaling pathway independently of caspase-1/11 and its adaptor Asc
Given that the modulation of the composition of the gut microbiota by apigenin requires an intact Nlrp6 signaling, we next evaluated whether Nlrp6 is required for the antiinflammatory effect of apigenin that can be acquired after cohousing. In contrast to what was observed in wild-type mice ( Figure 2 À / À mice that were treated or not with apigenin at days 20, 17, 14, 10, 7, and 3 before sampling of feces. Principal coordinates were calculated on nonabundance-based Jaccard distances representing community composition of compared samples. Black and white symbols represent wild-type and Nlrp6 À / À mice, respectively. (b) Analysis of differences in the microbial taxa between apigenin-treated and untreated wild-type animals using LEfSe (linear discriminant analysis (LDA) coupled with effect size measurements). Only bacterial taxa reaching LDA threshold of 2 and P value r0.05 are shown.
mice lacking Nlrp6 (ch-Nlrp6
À / À untreated ) that were cohoused with apigenin-treated Nlrp6-deficient mice (ch-Nlrp6
Consequently, histological scores were not improved in the absence of Nlrp6 as evidenced by both crypt erosion and massive infiltration of inflammatory cells in colonic sections of ch-Nlrp6 À / À untreated mice with DSS treatment (Figure 4c,d) , indicating that the reprogramming of the gut microbiota by apigenin requires a functional Nlrp6 signaling for its dominant transmissibility. Similarly, experiments with single-housed Nlrp6-deficient mice failed to reveal any differences in protection from colitis between apigenin-treated and untreated animals as determined by quantifying body weight loss (Figure 5a ), colon length (Figure 5b) , and the inflammatory response in subsequent histological analysis (Figure 5c,d) . To get further insights into how Nlrp6 signaling may protect mice against acute colitis in response to apigenin, we next determined whether apigenin may protect against DSSinduced colitis through an inhibition of interleukin-1b secretion as a potential consequence of caspase-1/11 inactivation ( Figure 1c) . Indeed, the inflammasome assembly in macrophages is disrupted in response to apigenin, 19 suggesting that the protective effect of apigenin would be lost in the absence of the apoptosis-associated specklike protein containing a caspase-recruitment domain (namely Asc encoded by Pycard gene). To this end, Pycard-deficient (Pycard À / À ) mice were subjected to DSS as previously described. Unexpectedly, B19% of initial body weight of Pycard À / À mice was lost at day 9 ( Figure 5e ), whereas apigenin treatment in mutant mice significantly reduced body weight loss (Figure 5e ) and colon length shortening (Figure 5f ) as what was observed in similarly treated wild-type animals ( Figure 1) . Consistently, histological investigation showed reduced infiltration of inflammatory cells in apigenin-treated mice that are deficient for Pycard (Figure 5g,h ). To verify these results, we next evaluated the efficacy of apigenin in mice that are deficient for both caspase-1 (encoded by the Casp1 gene) and caspase-11 (encoded by the Casp11 gene) (referred herein as Casp1/11 À / À mice). Consistent with the results observed with Pycard À / À mice, disease severity was improved in apigenin-treated Casp1/11 À / À mice when compared with untreated mutant animals (Supplementary Figure S4a-d) . Consistently, the level of interleukin-18 was not linked at day 10 to the improved disease severity that is found dominantly transmissible upon cohousing with apigenin-treated mice while also having no effect on the secretion of either tumor necrosis factor-a or interleukin-6 (Supplementary Figure S4e-g ). Collectively, Nlrp6 signaling determines to a large extent how apigenin protects mice from intestinal inflammation by modulating the composition of the gut microbiota independently of inflammasome activation.
An intact Nlrp6 signaling pathway is required for a transmissible antiproliferative effect of apigenin on intestinal epithelial cells
We next evaluated how the colonic mucosa is conditioned by the specific changes in the gut microbiota that were triggered by apigenin. To this end, we examined the transcript levels of Nlrp6 by quantitative PCR analysis together with those of genes encoding for arginase-2 and nitric oxide synthase 2, as markers of M2 and M1 macrophages, respectively. It is indeed worth noting that macrophage polarization by apigenin requires peroxisome proliferator-activated receptor-g activation 20 that regulates Nlrp6 expression in intestinal epithelial cells. 21, 22 Although whereas a greater expression of Nlrp6 was observed in the colon of sh-WT apigenin and ch-WT untreated mice (Figure 6a) , the relative ratio of nitric oxide synthase 2 to arginase-2 was significantly enhanced (Figure 6b) . Accordingly, the expression of interleukin-10 was significantly reduced upon apigenin administration in wildtype mice (Supplementary Figure S4a) . Similarly, the level of interleukin-18 mRNA transcript in the colon of apigenintreated mice was concordantly lowered to the same extent observed in Nlrp6-deficient mice (Supplementary Figure S4b) . These results suggested that apigenin may modulate macrophage polarization in the intestine as what was observed in the liver and the adipose tissue of obese mice. 20 Based on the role of M1 macrophages on epithelial differentiation through the Notch pathway, 23 we next examined the impact of apigenin on the expression of a canonical target gene of the Notch pathway that encodes for Hairy and Enhancer of Split 1 (Hes1) and on the proliferative index of intestinal epithelial cells by staining the colonic sections for Ki67 before any induction of colitis by DSS administration. In line with previous findings, 24 a reduced transcriptional expression of Hes1 that inhibits secretory lineage specification coincided with Figure S5) . Foremost, we noticed a reduced proliferation index of apigenin-treated mice that was dominantly transmitted after cohousing of control animals (Figure 6d ). This finding is in agreement with the diminished expression of Hes1 and the greater abundance of several butyrate-producing bacteria in adult wild-type mice that were treated with apigenin ( Figure 3b) . While being abundantly produced by bacterial fermentation of fiber in the colon, butyrate is an anti-inflammatory short-chain fatty acid that regulates intestinal macrophage function 25 and has a suppressive effect on proliferation of intestinal epithelial cells. 26 In contrast, the expression of Hes1 and the antiproliferative effect of apigenin was abrogated in Nlrp6-deficient mice (Supplementary Figure S4c and Figure 6c ,d) that were characterized by a lowered abundance of several butyrateproducing bacteria belonging to the Bacteroidetes phylum, 27 including Alistipes, Barnesiella, and Allobaculum (Supplementary Figure S3c) . To explore this Nlrp6-dependent mechanism of apigenin further, we sought to evaluate the role of the stress-induced regenerating islet-derived protein 3 b (Reg3b). Although being primarily expressed by postmitotic secretory cells in the intestine, 28 a lowered expression of the c-type lectin Reg3b was noticed in the colon of naive Nlrp6 À / À mice (Supplementary Figure S6) . During DSS injury, no protective effect of apigenin on body weight loss ( Figure 7a ) and colon length shortening (Figure 7b ) was observed in Reg3b-deficient mice. Consequently, histological examination of paraffinembedded colon sections (Figure 7c ) confirmed the inefficacy of apigenin for protecting Reg3b-deficient mice from extensive villous surface denudation in this acute model of colitis (Figure 7d) . Collectively, the protective effect of apigenin against colitis relied on the c-type lectin Reg3b that is regulated by Nlrp6 signaling in the colon.
DISCUSSION
Apigenin is a secondary metabolite of flavonoids from photosynthetic plants that has been propagated as a natural remedy for protection against several diseases and ailments. Although some bacteria regulate the bioavailability of apigenin, 29 our results reveal an unexpected mode of action of apigenin on the composition of the gut microbiota downstream of the Nlrp6 signaling pathway. Cohousing experiments revealed a dominant horizontal transmission of the antiinflammatory properties of apigenin that likely depends on the coprophagic and grooming behaviors of mice. Meanwhile, these effects were abrogated in the absence of Nlrp6. Of note, the regulation of the microbiota by Nlrp6 signaling alleviates disease severity in Il10-deficient mice, 30 whereas the compositional change in the microbiota of Nlrp6-deficient mice results in low taurine and high spermine/histamine levels that contributes to its dominant takeover. 31 In contrast, the classical inflammasome pathway was not required for the protective effect of apigenin even if secretion of interleukin-1b is found reduced in explants of the intestine from mice that were treated with this flavone (Figure 1c) . Equally important, we provide evidence that a lowered proliferation rate of intestinal epithelial cells in the intervillus region is related to an abnormal polarization of macrophages in the gut before colitis. This led to the assumption that the reprogramming effect of apigenin in the gut microbiota results in secretion at physiological concentrations of some antiproliferative bacterial metabolite that skews macrophage polarization, such as butyrate. 25, 26 On this basis, there is now the need to define whether the lack of efficacy of apigenin is caused by a growth disadvantage of some butyrate-producing bacteria in the absence of Nlrp6. Alternatively, it is possible that Nlrp6 signaling may regulate the trafficking and the function of intestinal macrophages that may control the differentiation of secretory cells expressing the c-type lectin Reg3b. In other words, the conditioning of the gut microbiota by apigenin may protect mice against colitis by promoting the accumulation of macrophages that subsequently release factors involved in the maintenance of epithelial integrity, such as interleukin-18 binding protein 32 and antagonists of the Notch signaling pathway. 23 Indeed, it has gained broad acceptance that interleukin-18 signaling and Notch activation in intestinal epithelial cells impairs differentiation of secretory lineage (including Paneth cells that preserve intestinal homeostasis 33 ).
In contrast to what we found in the colon of apigenin-treated mice where the proliferation rate of epithelial cells and the expression of some Notch target genes were profoundly decreased, staining of intestinal sections with the proliferation marker Ki67 revealed a marked accumulation of proliferating Figure 7 The protective effect of apigenin was compromised in mice that are deficient for the immunomodulatory c-type lectin Reg3b. Single-housed Reg3b-deficient mice were treated at days 7 and 3 (Reg3b epithelial cells upon constitutive activation of the Notch signaling pathway. 24 Last but not least, one may also hypothesize that the microbiota-dependent anti-inflammatory effect of apigenin may rely on the regulation of cholesterol metabolism 34, 35 and weight regain after dieting 36 by Nlrp6 signaling. Collectively, our study demonstrates that the protective action of a common dietary flavone on intestinal inflammation depends on the expression of NOD-like receptor Nlrp6 and of the c-type lectin Reg3b for potentially preventing bacterial colonization of the intestinal mucosa. 37 The protective effect is independent of the classical inflammasome function mediated via caspase-1/11 and Asc, but involves preservation of epithelial barrier integrity as a response to compositional changes of the gut microbiota downstream of Nlrp6 signaling. 
, and control C57BL6/J mice had free access to a standard laboratory chow diet in a half-day light cycle exposure and temperature-controlled environment. Colitis was induced by giving mice 2% (w/v) DSS (TdB Consultancy, Uppsala, Sweden) for a period of 7 days followed by drinking water for 2 to 3 days. DSS was dissolved in autoclaved drinking water. Signs of morbidity, including body weight, stool consistency and occult blood, or the presence of macroscopic rectal bleeding gross, were monitored daily as previously described. 38 Apigenin (25 mg per mouse; Santa Cruz, Heidelberg, Germany) was given intraperitoneally twice a week for 1-3 weeks before the induction of colitis. For cohousing experiments, mice were kept in the same cage for a period of 3 weeks before exposure to DSS and left together during colitis. At the end of the challenge, mice were autopsied to assess the severity of the disease by measurement of colon lengths and by histological scoring. At 1 cm above the anal canal, a resection specimen of the distal colon was dissected out and kept frozen in RNAlater (Courtaboeuf, France) until subsequent RNA isolation for quantitative PCR analyses. Tissue specimens were also collected and kept frozen until further quantification of protein levels and western blotting analysis. Finally, a remaining piece of distal colon was fixed in 4% paraformaldehyde and embedded in paraffin for immunohistochemistry analysis by two investigators.
Histological scoring and immunohistochemistry. Histological scoring of hematoxylin and eosin-stained sections take into account the level of inflammatory cell infiltration and the epithelial damage as previously described. 38 Intestinal tissue was fixed in formalin and dehydrated in series of increasing concentration of alcohols and toluene before being embedded in paraffin. For immunohistochemistry, 5 mm-thick tissue sections were placed on Superfrost Plus slides (Thermo Scientific, Waltham, MA), incubated for 10 min at 60 1C, and rehydrated through a series of graded alcohols and distilled water. Endogenous peroxidases were blocked by 3% hydrogen peroxide for 10 min. Antigen retrieval was performed in citrate buffer (10 mM, pH 6) by steaming sections in a microwave oven for 20 min. Tissue sections were blocked with 5% bovine serum albumin/ phosphate-buffered saline for 30 min at room temperature and primary antibody against either Ki67 (1:100, ab15580, Abcam, Paris, France) or cleaved caspase-3 (1:50, 9661, Cell Signaling Technology, Leiden, The Netherlands) was directly applied and incubated for 1 h at room temperature or overnight at 4 1C, respectively. Slides were washed three times in phosphate-buffered saline before applying secondary peroxidase-conjugated goat anti-rabbit IgG (1:100, Interchim, Montluc¸on, France) antibody for 2 h at room temperature. Targeted antigens were visualized by using 3.3 0 -diaminobenzidine solution (BD Pharmingen, Le Pont de Claix, France) followed by nuclear counterstain with hematoxylin. Cells that are positive for either Ki67 or cleaved caspase-3 were counted for all intact crypts from each section.
Enzyme-linked immunosorbent assay. Protein levels of interleukin1b, interleukin-18, interleukin-6, and tumor necrosis factor-a were determined from the supernatants of colon explants by specific enzyme-linked immunosorbent assay according to the manufacturer's instructions (R&D System, Lille, France).
Microbiota analysis. The 16S rRNA gene variable region V3 and V4 was amplified using dual indexed fusion primers; in brief, primers consist of Illumina (San Diego, CA) linker sequence, 12 base barcode sequence, and heterogeneity spacer followed by either 16S rRNA genespecific forward (319F: 5 0 -ACTCCTACGGGAGGCAGCAG-3 0 ) or reverse (806R: 5 0 -GGACTACHVGGGTWTCTAAT-3 0 ) primer sequences. 39 DNA was amplified using above-mentioned composite primers in duplicate in a GeneAmp PCR system 9700 (Applied Biosystems, Foster City, CA) using the following cycling conditions: an initial denaturation of 3 min at 98 1C followed by 30 cycles, denaturation at 98 1C for 10 s, annealing at 50 1C for 30 s, and elongation at 72 1C for 30 s. Final extension was at 72 1C for 10 min. The amplicon size and amplification performance were validated by running the amplified product on agarose gel. Amplicon quantities were normalized using SequalPrep kit (Invitrogen, Darmstadt, Germany) and pooled as a single library. Sequencing was performed using Illumina MiSeq using 2 Â 300 sequencing kit with standard HP10 and HP11 primers. Sequencing reads were primarily processed for quality control using the software MOTHUR (https://www.mothur.org). Forward and reverse reads were assembled to form contigs, and reads not having perfectly matched specific primers and barcodes, having any ambiguous base, and more than 8 homopolymers were removed for subsequent analysis. Sequences not aligning to desired bacterial V3-V4 variable regions, suspected chimera, and likely to be of nonbacterial origin were detected and removed. Sequences with at least 97% similarity were clustered into operational taxonomical units. These operational taxonomical units were classified taxonomically using Mothur modified Greengenes reference and taxonomy database. 40 Principle coordinate analysis was performed on Jaccard distances among communities. Principle coordinates were visualized using rgl with in R application package (www.r-project.org). LEfSe (linear discriminant analysis with effect size) was implemented to identify operational taxonomical units differentially enriched or deleted in apigenin-treated and untreated animals. 41 LEfSe analysis was performed in Mothur using 1000 bootstrap iteration for linear discriminant analysis score calculation. Observed number of phylotypes, Shannon index, nonparametric estimate of Shannon diversity index, and Chao1 richness and phylodiversity were calculated within Mothur as parameters of a-diversity indices in apigenin-treated and untreated wild-type mice.
Gene expression. Isolated RNA was reverse-transcribed with the complementary DNA synthesis kit (Agilent Technologies, Les Ulis, France) according to the manufacturer's instructions. The resulting complementary DNA (equivalent to 500 ng of total RNA) was amplified using the SYBR Green real-time PCR kit and detected on a Stratagene Mx3005P (Agilent Technologies). Quantitative PCR was performed using forward and reverse primers (sequences available upon request). On completion of the PCR amplification, a DNA melting curve analysis was carried out in order to confirm the presence of a single amplicon. Actb was used as an internal reference gene in order to normalize the transcript levels. Relative mRNA levels (2-DDCt) were determined by comparing (i) the PCR cycle thresholds (Ct) for the gene of interest and Actb (DCt) and (ii) DCt values for treated and control groups (DDCt). 
